ABSTRACT. We compare the luminosity function and rate inferred from the GBM long bursts peak flux distribution with those inferred from the Swift and BATSE peak flux distribution. We find that the GBM, BATSE and the Swift peak fluxes can be fitted by the same luminosity function implying the consistency of these three samples. Using the trigger algorithm of the LAT instrument we derive important information on the flux at 100 MeV compared to lower energy detected by the GBM. We find that the simple extension of the synchrotron emission to high energy cannot justify the low rate of GRBs detected by LAT and for several GRBs detected by the GBM, the flux at > 100 MeV should be suppressed. Two bursts, GRB090217 and GRB 090202b, detected by LAT have very soft spectra in the GBM and therefore their high energy emission cannot be due to an extension of the synchrotron.
Introduction
Gamma ray bursts (GRBs) are the most powerful events in the universe, their total emitted energy outputs exceeding sometime 10 54 ergs, owing to relativistic aberration. In GRBs in fact, the most extreme relativistic regimes are attained among all high energy sources of macroscopic size. Most of the energy is radiated in gamma-rays of 100 to 1000 keV, with tails up to the GeV domain, as detected formerly by CGRO/EGRET (Dingus 1995 , Hurley et al. 1994 , Gonzalez et al. 1994 ) and more recently and with much better detail by the AGILE/GRID and Fermi/LAT instruments (Marisaldi et al. 2009 , Giuliani et al. 2008 , Giuliani et al. 2009 , Abdo et al. 2009 , Abdo et al. 2009 , Bissaldi et al. 2009 , Granot 2009 ).
Long GRBs (T 90 > 2s) are thought to trace the history of massive star formation of the Universe and are detected all the way from locally (40 Mpc) to the edge of the Universe (z ∼ 8, Salvaterra et al. 2009; Tanvir et al. 2009 ), so that they are ideal targets for the unbiased study of cosmological effects on the propagation of high energy photons and on the evolution of star formation.
However the number of GRBs with a measured redshift is still limited and at present we cannot derive directly the GRB luminosity function and rate evolution that are fundamental to understand the nature of these objects. We can constrain the luminosity function and rate distribution by fitting their peak flux distributions to those expected for a given luminosity function and GRB rate, as done for CGRO/BATSE and Swift/BAT GRBs (Piran 1992 , Cohen & Piran 1995 , Fenimore & Bloom 1995 , Loredo & Wasserman 1995 , Horack & Hakkila 1997 , Loredo & Wasserman 1998 , Schmidt 1999 , Schmidt 2001 , Sethi & Bhargavi 2001 , Guetta, Piran & Waxman 2005 , Guetta & Piran 2005 , 2006 , 2007 . Since the observed flux distribution is a convolution of these two unknown functions we must assume one and find a best fit for the other.
Here we concentrate on the ∼ 250 long GRBs detected so far by the Gamma Ray Burst Monitor (GBM) onboard the Fermi GST (Table 1) . We assume that the rate of long bursts follows the star formation rate and we search for the parameters of the luminosity function. In the first part of this paper, we show that one can obtain a fully th AGILE Workshop: The Bright γ-ray Sky consistent fit for the GBM, BATSE and the Swift peak flux populations, implying that the GBM sample has properties similar to those of BATSE and Swift.
Only 10 long bursts have been detected above 30 MeV by the LAT. Considering only the ratio between the LAT and GBM field of view (2.5 sr and more than 8 sr, respectively) and assuming comparable sensitivity of the 2 instruments in their energy ranges to the level of emission expected from GRBs, we would have expected that ∼ 1/3 of the GBM bursts has a > 30 MeV counterpart and not only ∼ 5%, as detected. There could be 2 effects at play: the LAT sensitivity and the fact that the intrinsic brightness of the very high energy tails of GRBs can be lower than predicted with a simple extrapolation of the soft gamma-ray spectrum or based on synchrotron and inverse Compton flux estimates (see e.g. Ando, Nakar & Sari 2008 , who have predicted a LAT detection rate of about 20 GRB/yr and see Fan 2009). Another possible explanation not related to instrumental or intrinsic GRB physics reasons is that in very distant GRBs with highly collimated jets, the intrinsic strong high energy emission is suppressed by the diffuse extragalactic infrared background (Gilmore, Prada, & Primack 2009) .
The statistics of the LAT detection with respect to GBM detection is not dissimilar from that of the GRO instruments EGRET vs BATSE: if the detection were only related to the FOV extension, EGRET should have detected about 50 GRBs out of the nearly 3000 detected by BATSE (BATSE covered virtually all sky, while the EGRET FOV was 30 deg in diameter). The fact that EGRET detected only about 20 GRBs above 20 MeV, of which about 5 with the spark chamber at the higher energies (i.e. higher than 200 MeV), reflects broadly the LAT-vs-GBM statistics and indicates an intrinsic paucity of detected very high energy tails. Similar to the LAT-detected GRBs, the EGRETdetected ones were among the brightest BATSE GRBs (Dingus et al. 1995) . Recently, Kaneko et al. (2008) analyzed the spectral shapes of the BATSE GRBs observed by the TASC calorimeter, i.e. with MeV emission, and found that the spectra of these bursts are quite hard (i.e. have fairly high E peak or small high energy spectral index). This is similar to what we find for the bursts detected by LAT (see Fig. 1 ).
A proper understanding of the link between the GRB spectral maximum emission (100 keV -1 MeV) and its countepart above few MeV is the key to get insight into the inner mechanism of power generation and into the jet formation and collimation (see Kumar & Barniol Duran 2009 , Zhang & Pe'er 2009 , Zou, Fan, Piran 2009 , Li 2009 , and ultimately will explain how the GRB emission at the highest energies correlates with the fundamental GRB parameters (Amati, Frontera, Guidorzi 2009 , Ghirlanda, Nava, & Ghisellini 2009 .
In this paper, after having verified that the properties of the GBM GRB population do not differ from those of the previous GRB missions BATSE and Swift-BAT (Section 2), we analyze the sensitivity properties of the LAT and we estimate (following Band et al. 2009 ) the LAT detection rate of the high energy (100 MeV -10 GeV) counterparts of GBM GRBs, under the hypothesis of a simple extrapolation of the GRB spectrum to energies larger than 1 MeV.
2. The luminosity function from the GBM sample 2.1. The GBM, BATSE and Swift-BAT samples Our methodology follows Guetta et al. (2005) and Guetta & Piran (2006) . We consider all the long (T 90 > 2 seconds) bursts detected by the GBM until September 2009 and compare their peak fluxes (when measured) with the peak fluxes of the long GRBs detected by BATSE and Swift. The comparison is done in the energy band 50-300 keV, which is the band where BATSE detects GRBs. Note that for this comparison we have to convert GBM peak fluxes reported in different bands to fluxes in the 50-300 keV band. We have done this conversion by assuming that the spectrum around the maximum is fitted by the same spectral model that has been adopted to fit the average spectrum with identical fit parameters.
The average spectrum parameters of the GBM bursts are < α >∼ −0.8 < β >∼ −2.33 and E p ∼ 217 keV (only for GRBs fitted with the Band law). Using these average parameters, we estimate, from Band (2003) , a GBM sensitivity in the 50-300 keV of P (50−300)keV lim,GBM ∼ 0.5 ph cm −2 s −1 . Hereafter, we consider for our analysis only the long (T 90 > 2 s) GBM bursts with peak flux higher than that threshold, consisting in a sample of 125 bursts.
In the BATSE sample we have included all the long GRBs detected while the BATSE onboard trigger was set to a significance of 5.5 σ over background in at least two detectors, in the energy range 50-300 keV. Among those we selected the bursts for which the peak flux in a 1024 ms timescale is higher than the BATSE threshold for long bursts reported by Band (2003) , P (50−300)keV lim,BATSE ∼ 0.25 ph cm −2 s −1 . This yields a sample of 1425 bursts.
For Swift we consider all long bursts detected until September 2009 in the energy range 15-150 keV. We convert the BAT 15-150 keV peak fluxes to fluxes in the 50-300 keV band using the BAT peak fluxes and spectral parameters provided by the Swift team 1 . We consider only the bursts with peak fluxes above the threshold of P (50−300)keV lim,Swift ∼ 0.3 ph cm −2 s −1 (Band 2003) , which is equivalent to a sample of 259 GRBs. The fluxes of the three instruments are shown in Fig. 2 , where we have normalized to the number of GRBs in our GBM sample.
Luminosity function and comoving rate
We now construct a luminosity function that we will normalize to our GBM GRB distribution. The method used to derive the luminosity function is essentially the one th AGILE Workshop: The Bright γ-ray Sky used by Schmidt (1999), Guetta et al. (2005) and Guetta and Piran (2007) . We consider a broken power law between lower and upper limits which are factors of 1/∆ 1 and ∆ 2 respectively times the break luminosity L * . The luminosity function (of the peak luminosity L) in the interval log L to log L + d log L is:
where c o is a normalization constant so that the integral over the luminosity function equals unity. We stress that the luminosity considered here is the "isotropic" equivalent luminosity, which is the one relevant for detection. It does not include a correction factor due to beaming. Assuming that long GRBs follow the star formation rate we employ four parametrizations of the star formation rate: (i) Model SF2 of Porciani & Madau (2001) :
where ρ 0 is the GRB rate at z = 0. An important factor is the cosmological k correction. We approximate the typical effective spectral index in the observed range of 50 keV to 300 keV as (N (E) ∝ E −1.6 ). The use of this average correction is justified when we compare estimates of the luminosity based on this average value and on the real spectrum (see Guetta and Piran 2007) .
Monte Carlo simulations
In our Monte Carlo simulations, each generated GRB is given a redshift, a luminosity and a spectrum according to the specific intrinsic distributions that have been described above. For each burst we compute the observed peak flux and compare the peak flux distribution with the observed one. We find the best-fitting LF parameters and their dispersion by χ 2 minimization. We vary the luminosity function parameters α, β, and L * keeping ∆ 1 = 100 and ∆ 2 = 100 and inspect the quality of the fit to the observed GBM peak flux distribution. Once we obtain the best fit parameters for the GBM sample we test the quality of the fit with both the observed BATSE and the Swift peak flux distributions. We then repeat the same procedure and look for the luminosity function parameters that best fit the Swift sample and the BATSE sample. Then we check the quality of the fit with these parameters with the observed GBM, BATSE and the Swift peak flux distributions. The results of the fit are reported in Table 2 . These show that the best fit parameters α and β are rather robust and the values of α and β found for these different samples are all consistent within the error bars. We consider a LF that fit quite well all the samples (we call it LFb), this has α = 1, β = 2.7 and L * = 5 × 10 51 erg cm −2 s −1 . Fig. 3 , 4 and 5 depict a comparison of the peak flux distributions of GBM, BATSE and Swift with the predicted distribution obtained with the LF given above. 
Estimation of the LAT Detection Sensitivity to GRBs
Following Band et al. 2009 we compute the LAT's burst detection sensitivity using a semi-analytical approach based on the likelihood ratio test introduced by Neyman & Pearson (1928) . This test is applied extensively to photon-counting experiments (Cash 1979) and has been used to analyze the gamma-ray data from COS-B (Pollock 1981 (Pollock , 1985 and EGRET, (Mattox 1996) . The statistic for this test is the likelihood for the null hypothesis for the data divided by the likelihood for the alternative hypothesis, here that burst flux is present. This methodology is the basis of the likelihood tool used to analyze LAT observations; here we perform a semi-analytic calculation for the simple case of a point source on a uniform background. th AGILE Workshop: The Bright γ-ray Sky The important quantity to write is the
where we have defined a signal-to-noise ratio G(E, Ω) = S(E)F (E, Ω)/B(E), E 1 = 100 MeV and E 2 = 10 GeV. Here we assume S(E) ∼ N 0 E −δ between 100 MeV and 10 GeV, where N 0 is determined from the flux at 100 MeV. A ef f is the effective area given in Atwood et al. 2009 . This area decreases very rapidly with increasing boresight angle and we take this into account.
We have estimated the flux at 1 MeV for all our GRBs that have a measured fluence 2 , a measured boresight angle and reliable spectral fit parameters. For these bursts we extrapolate the flux at 1 MeV using the spectrum, normalized with the fluence. For GRBs with multi-peak structure, for which the spectral fit parameters and relevant observed quantities are reported individually for each pulse, we have estimated the 1 MeV flux using the spectrum of the last pulse (GRBs 081009, 090509, 090516A, and 090610B).
We applied one caveat for GRBs with spectra fitted in the GBM band with single power-laws: in this case, the spectrum cannot be extrapolated straightforwardly to 1 MeV if the energy range used for the fit is much softer. Thus, for the 1-MeV flux estimate we have retained the GRBs fitted with single power-laws over a range whose upper energy is larger than 800 keV, i.e. close enough to 1 MeV to guarantee that the extrapolation will not dramatically overestimate the flux at 1 MeV if there is a spectral break beyond the spectral fitting range. Following this criterion, we excluded GRBs 080818A, 080928, 081206C, 081225, for which the 1-MeV flux has been automatically set to zero. In total, we could reliably estimate the flux at 1 MeV for 167 GRBs.
Analogously, we have estimated by extrapolation the flux at 100 MeV. However, the GRBs for which this extrapolation results in a non-zero flux are only those fitted with the Band law. In fact, when the flux at 100 MeV is extrapolated from spectra fitted with power-law plus exponential high energy cutoff, the result is generally null, because of the high suppression caused by the exponential at MeV energies. On the other hand, the extrapolation of spectra fitted by single power-law in the GBM range to 100 MeV is very likely to overestimate the flux at 100 MeV by many orders of magnitude. The 100 MeV fluxes of GRBs fitted with single power-laws have been arbitrarily set to zero. Twelve (number may change) GRBs fitted with the Band law have β > −2, which translates in a νF ν spectrum that rises with energy. The spectral fit for these GRBs extends to 1 MeV, so that the flux estimate at this energy is reliable. However, it is likely that the spectrum curves at higher energies, starting well below 100 MeV, so that the flux estimate at 100 MeV with the β index of the formal Band-law fit may overestimate the real flux by orders of mangitude. For these GRBs, we have estimated the 100-MeV flux under the assumption that the spectrum above 1 MeV steepens 3 to β = −2.3 (the average value of the whole sample of Band-fitted GRBs). In the tests we will implement in the following, we will both include and exclude those 12 GRBs and will provide the results in both cases.
The Point Spread Function (PSF), F (E, Ω), is taken from Burnett 2007 (private comunication):
with Ω = 2πσ 2 u where σ(E) = (a 2 + (b * (E/100) −0.8 ) 2 (in radiant) with a=58e-3 e b=377e-6 (on-ground analysis). The parameter γ depends very weakly on the energy th AGILE Workshop: The Bright γ-ray Sky and vary between 2-2.5. We can consider γ ∼ 2 for our analysis (Burnett 2007) .
Like Band 2009 , we assume a spatially uniform background with a power law spectrum
where the value of the normalization constant B 0 is set to mimic the expected background rate. For modeling the on-ground trigger the background rate above 100 MeV is set to 4 Hz. The spectral index is set to be γ = −2.1. In our modeling we assume that the GRB flux is constant over a duration T GRB . Since we seek the optimal detection sensitivity, we calculate T S for T obs = T GRB . We also consider the effect of the boresight angle, i.e. the effective area drops of a factor of ∼ 10 between 10 0 and 70 0 of boresight angle.
The expected number of counts from a burst flux S(E) is
We require T S ≥ 25 and at least 10 source counts in the LAT detector, corresponding to a threshold significance of 5σ and a minimum number of GRB counts.
In the sample there are 84 bursts that can be fitted with a Band spectra and have a determined boresight angle, 34 GRBs have θ > 80 0 and therefore cannot be detected by LAT. We are left with 50 bursts and 28 of them were not detected by LAT. For these 28 bursts the flux S(E) in the eq.3 and 6 between 100 MeV-and 10 GeV is given by S(E) ∼ N 0 E −β where N 0 is determined from the flux at 100 MeV obtained by extrapolating the Band spectra used to fit the GBM data at high energy, using the spectral index β from the data (or -2.3 if β > −2) . An interesting quantity that can be defined for these bursts is the ratio, s, between the flux at 100 MeV obtained by simply extending the synchrotron emission at high energies, and the flux at 100 MeV that one needs in order to be at the threshold of the LAT detection. In Fig. 6 we plot this ratio as a function of the spectral index β and in Fig.7 we plot this ratio as a function of the peak energy. As it is clear from these figures, the softer the spectrum, the smaller the value of s, implying that the LAT does not detect any signal, as expected. It is interesting to note that there are ∼ 22 bursts that could have been detected by LAT (have s ≥ 1) but were not detected. This implies that there is a suppression in the flux at high energy and the spectrum is not simply the extension of the Band law. In the same figures we also plot s vs β (E peak ) for the bursts detected by LAT. We see that for two bursts GRB 090217 and GRB 090902B that have very soft spectra, the value of s is < 1 and therefore the > 100M eV emission cannot be an extrapolation of the synchrotron emission but another component is needed to justify the emission at high energy. Recently Bissaldi et al. (astro-ph/0909.2470) have shown that in the GRB 090202b a distinct extra component is needed to explain the observed results in agreement with what we find. In the figures we also report the ratio between the measured flux at ∼ 100 MeV and the flux extrapolated from the synchrotron emission for 080916c (the diamond mark).
Discussion
We have shown that the simple extension of the synchrotron emission cannot justify the lack of detection of high energy emission from GRBs. The emission is suppressed at high energy by some mechanism (Fan 2009): i.e. the electrons are not accelerated to such an high energy, the high energy photons pair produce with low energy photons in the source and cannot escape the source or pair produce with external photons.
On the other hand for the bursts detected by LAT there are two GRBs that have very soft synchrotron emission and their high energy emission cannot be explained by simple extrapolation of the low energy emission. There is evidence of another component at least in one GRB 090902b. 
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TABLE I
GBM parameters for the bursts detected by Fermi. The first column report the GRB name, the second column the duration of the GRB, the third one the GRB fluence (set to -1 when not available), the fourth the peak flux (taken in 1 sec for long bursts and set to -1 when not available), the fifth column report the method used to fit the spectra, the sixth the peak energy (set to -1 when not available), the seventh and eight the α and β spectral indexes (set to 1000 when not available). The ninth column report the angle, θ, from the LAT boresight, in deg (set to -1 when not available 
